INTRODUCTION
============

Although water-bath polymerization is extensively used to process polymethylmethacrylate (PMMA), new resins and processing methods are often proposed to obtain better physical and esthetic properties and simplify the technique[@B01],[@B06],[@B08],[@B11],[@B14]. Two relatively new polymerization methods are microwaving and visible light polymerization[@B07],[@B09].

One of the advantages of microwave and visible light polymerization methods is the shorter processing time they offer in comparison to water bath. In addition, light-polymerized resins can be processed directly in the mouth using a portable light-curing device, which simplifies the clinical procedures[@B09].

While denture base acrylic resins polymerized by microwave irradiation and conventional water bath curing systems are composed of PMMA[@B06],[@B08], visible light-polymerized resins are similar to composites, having an organic instead of an inorganic filler content. The material is composed of a urethane dimethacrylate matrix plus small amounts of microfine silica. The filler consists of acrylic resin beads (PMMA) of varying sizes that become part of an interpenetrating polymer network. Light polymerization occurs by exposure to quartz halogen lamps in the shorter blue 400 to 500 nm wavelength spectrum of visible light. This exposure results in 5 to 6-mm-deep polymerization [@B07],[@B09],[@B13].

Visible light-polymerized resins were initially proposed for clinical repairs and/or additions in sub-extended removable dentures[@B07], but due to their easy manipulation and fast polymerization, their are now indicated for many clinical situations, such as transitional and interim dentures, complete and removable partial dentures, provisional splints, denture repairs and additions, orthodontic appliances and record bases[@B05],[@B07],[@B09].

Although light-polymerized resins have been used in removable partial dentures, it is not clear whether the presence of a metal framework could interfere with their polymerization, by possibly reflecting the light and affecting important physical properties, such as surface roughness and hardness. These properties are largely investigated because they indicate polymerization characteristics[@B04],[@B07],[@B11],[@B14] and might influence plaque accumulation later on [@B02],[@B03],[@B10]. Thus, the aims of this study were to investigate whether metal interferes with the surface hardness and roughness of a visible light-polymerized acrylic resin and to compare these values to those of water-bath- and microwave-polymerized resins.

MATERIAL AND METHODS
====================

The resins used in this study are listed in [Table 1](#t01){ref-type="table"}. Twelve disc-shaped specimens, 30 mm in diameter and 4 mm thick, were fabricated for each resin according to the manufacturers\' directions. All specimens were made using a silicone (Optosil, Heraeus Kulzer, Hanau, Germany) matrix (30 ± 0.05 mm in diameter and 4 ± 0.05 mm thick). The matrix was flasked in Type III dental stone (Herodent Soli-Rock; Vigodent, Rio de Janeiro, RJ, Brazil) using standard metal dental flasks (Uraby; DLC, São Paulo, SR Brazil) or plastic flasks (Onda Cryl; Artigo Odontológicos Clássico Ltd, São Paulo, SP, Brazil) for water bath and microwave polymerization, respectively. After the gypsum had completely set, the flasks were opened and the matrixes were removed. A separating medium (Al-Cote, Dentsply Ltd, Rio de Janeiro Brazil) was applied to the exposed areas of the mold. Before packing the resin, a rectangular (28 mm × 8 mm × 0.5 mm) insert of Co-Cr alloy bar (Degussa, Hanau, Germany) was centered at the bottom of each mold. As the size of the metal bars was almost the same as that of the mold cavities, once positioned at the bottom of each mold, there was no possibility of metal bar displacement ([Figure 1](#f01){ref-type="fig"}).

###### Composition, processing method, and manufacturer of acrylic resins

  Acrylic resin   Composition                                                                                               Processing method   Manufacturer
  --------------- --------------------------------------------------------------------------------------------------------- ------------------- -------------------------------------------------------
  Onda Cryl       Liquid: methylmethacrylate monomer; Powder: polymethylmethacrylate                                        Microwave           Clássico Artigos Odontológicos Ltd, São Paulo, Brazil
  Triad           Matrix: urethane dimethacrylate silica; Photoinitiator: camphoroquinone; Filler: polymethylmethacrylate   Visible light       Dentstply International and Corporation, York, U.K.
  Clássico        Liquid: methylmethacrylate monomer; Powder: polymethylmethacrylate                                        Water bath          Clássico Artigos Odontológicos Ltd, São Paulo, Brazil
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Microwave acrylic resin specimens were polymerized in a microwave oven (Continental AW-42, with 2,450 Hz frequency and 900W maximum potency; Bosch, Manaus, AM, Brazil), according to the manufacturer\'s directions (3 min at 360 W; 4 min resting and 3 min at 810 W). Specimens polymerized by hot water bath were processed in an automatic polymerization unit (Termotron P-100; Termotron Piracicaba, SP, Brazil) at 74°C for 9 h. Once processed, all flasks were allowed to bench cooling for 2h. The resin samples were ground with water-cooled 320-, 400-, 600- and 1200-grit silicon carbide papers (Carbimet; Buehler, Lake Bluff, IL, USA) in a polishing machine (Arotec APL-4; São Paulo, SP, Brazil) followed by polishing with cloths and 1-μm diamond suspension (Metadi diamond suspension; Buehler). Next, they were ultra-sound cleaned (Thornton-Inpec Eletrônica LTDA, Vinhedo, SP, Brazil) for 2 min and then immersed in distilled water at 37°C for 12 h to release residual monomers[@B06],[@B12],[@B14].

Light-polymerized resin specimens were prepared using a transparent matrix, consisting of an acrylic resin plate containing a circular hole measuring 30 ± 0.05 mm in diameter and 4 ± 0.05 mm thick. First, a Co-Cr framework was placed at the bottom of the matrix and then the light-polymerized resin was inserted in the matrix. This assembly was put into a light box (EDG Lux; EDG Equipamentos e Controles, São Paulo, SP, Brazil) containing four 75 W halogen lamps. The resin was polymerized for 6 min, according to manufacturer\'s instructions. After processing, the same finishing, polishing and cleaning procedures used for heat and microwave polymerized acrylic resins were carried out.

Surface roughness was determined using a mechanical profilometer with a 2-μm radius tip under a measuring force of 0.7 mN and accurate to 0.01 μm (Surfcorder SE 1700, Kosaka, Tokyo, Japan) calibrated at sample length of 0.25 mm, spread of 2.0 mm and speed of 0.5 mms^-1^. Six readings were performed on each specimen and an average (*R~a~*) was determined. These profilometric traces were taken from the edge of specimen, in the middle and at its bottom.[@B12]

Knoop hardness was assessed using a microhardness tester (Shimadzu HMV-2000, Shimadzu Corporation, Kyoto, Japan). Settings for load and penetration were 25 g and 10 s[@B12]. Knoop penetrations were made on the acrylic surface of each sample at distances of 50, 100, 200, 400 and 800 μm from the Co-Cr metal bar ([Figure 2](#f02){ref-type="fig"}). Five measurements were performed for each distance and a mean value was calculated.
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Roughness means were submitted to two-way ANOVA and compared by Tukey test. Knoop hardness means were analyzed by two-way ANOVA with 2 factors: acrylic resins and distances. The acrylic resin groups were compared using Tukey test and distances were compared by Kruskal-Wallis test. The significance level for all variables was fixed at 5%.

RESULTS
=======

Means and standard deviations for acrylic resin surface roughness μm) are presented in [Table 2](#t02){ref-type="table"}. The visible light-polymerized resin (Triad) showed the highest means (p\<0.05), but the metal alloy did not interfere with surface roughness.

###### Surface roughness means (μm) (±SD) of the acrylic resins

  Acrylic Resin   Means ± SD
  --------------- ---------------
  Onda Cryl       0.06 ± 0.01 A
  Triad           0.11 ± 0.02 B
  Clássico        0.06 ± 0.01 A

Mean followed by different letters are statistically different (p\<0.05).

Means and standard deviations for Knoop hardness (Kg/mm^2^) of acrylic resins at several distances from the metal are described in [Table 3](#t03){ref-type="table"}. Comparisons between acrylic resins showed that the visible light-polymerized resin (Triad) exhibited significantly higher means (p\<0.05). However, no differences in hardness values at several distances from the metal alloy were found.

###### Koop hardness (Kg/mm^2^) means (±SD) of the acrylic resins at different distances from the metal alloy

  Acrylic resin   Distance μm) from metal 200                                                   
  --------------- ----------------------------- --------------- --------------- --------------- ---------------
  Onda Cryl       16.8 ± 1.8 aA                 17.2 ± 2.6 aA   17.3 ± 2.3 aA   17.9 ± 1.6 aA   18.0 ± 1.7 aA
  Triad           20.2 ± 1.2 bA                 21.0 ± 1.1 bA   20.9 ± 1.2 bA   21.0 ± 1.1 bA   21.4 ± 1.1 bA
  Clássico        17.1 ± 1.8 aA                 17.1 ± 1.1 aA   17.2 ± 0.9 aA   17.8 ± 1.0 aA   18.1 ± 0.8 aA

Mean followed by different letters are statistically different (p\<0.05)

Lowercase letters indicate differences between acrylic resins and uppercase letters indicate differences between distances from metal.

DISCUSSION
==========

Visible light polymerization is an alternative technique for acrylic resin processing. This technique is considered to be time-saving as it does not require cast inclusion, is non-toxic and biocompatible. It is therefore indicated for using in many clinical situations, such as complete and removable partial dentures[@B09]. However, little is known about the influence of metal alloys on the polymerization process and on important physical properties, such as hardness and roughness. In this study, a visible light-polymerized resin was compared to microwave- and heat-polymerized acrylic resins, which have similar composition and surface characteristics[@B06],[@B08].

Smooth surfaces do not readily retain food debris, epithelial cells and bacteria, thus facilitating oral hygiene, reducing the risk of plaque formation and preventing negative effects on periodontal tissues[@B03]. Therefore, the roughness of intraoral surfaces helps determining their colonization by different microorganisms because retention preferably occurs on rough surfaces, as they provide protection against shear forces[@B02].

Acrylic resin roughness is dependent on the polishing method used[@B02]. In this study, polishing was done with 360-, 400-, 600- and 1000-grit abrasive papers, resulting in roughness values below 0.2 μm, which is considered clinically acceptable for preventing plaque accumulation[@B02]. Although the same polishing procedure was carried out for all resins, higher roughness means were found in the light-polymerized resin group (0.11 ± 0.02 μm). This result may be explained by the large amounts of inorganic compounds in this resin, which were probably exposed during polishing procedures, causing irregularities on the resin surface.

The surface roughness means of microwave- (Onda-Cryl) and water-bath-polymerized (Clássico) resins did not differ statistically (p\>0.05), probably because of the similarity of their composition. These results are in agreement with those of Rodrigues Garcia et al. [@B12] (2004), who investigated the influence of denture cleansers on the surface roughness of heat- and microwave-polymerized resins. However, the findings of the present are in contrast with those of Ulusoy et al.[@B15], who reported higher roughness means (0.31 μm). It is likely that these differences can be due to the polishing method used in each study because Ulusoy et al.[@B15] polished the specimens on a bench lathe using a roller brush with pumice/water paste, followed by a wet polishing wheel and a chalk. In contrast, in the present study, the specimens were polished with materials of decreasing granulation,(up to 1-μm diamond particles). The other two resins (Onda Cryl and Clássico), which do not have inorganic compounds, had lower roughness.

Hardness is a property used to predict the wear resistance of a material and its ability to abrade opposing dental structures[@B01]. Therefore, surface scratching can be determined by its Knoop hardness because its weakness explains why the surface is at risk of roughening during professional cleaning or even during habitual oral hygiene procedures[@B10]. This test can also be used to verify the efficacy of polymerization. In this study, it was used to assess resin polymerization around a metal alloy.

The visible light-polymerized resin presented the highest Knoop hardness, which is in accordance with Khan *et al*. [@B07] (1987), who compared Triad (Dentsply Inc.) hardness with that of a water-bath-polymerized resin. These results indicated that the visible light-polymerized resin was stronger[@B07]. This could be explained by the inorganic content of the light-polymerized resin (silica)[@B09], which increased the resistance of this resin to the microhardness indenter[@B01]. Water-bath-and microwave-polymerized resins had similar Knoop hardness means, which are in agreement with many authors[@B04],[@B11],[@B12],[@B14].

No differences between 50, 100, 200, 400 and 800 μm distances from the metal were found in any of the acrylic resins evaluated (p\>0.05). The absence of significant differences suggests that light emission and polymerization processes were not affected by the presence of metal. These results are in consistent with those of Braun *et al*. [@B04] (1998), who compared water--bath- and microwave-polymerized resins with respect to the hardness means at pre-determined distances from a metal alloy.

In this study, roughness and Knoop hardness results indicated that Triad has clinically acceptable properties and its polymerization was not affected by the presence of metal. However, further studies about the clinical behavior of visible light-polymerized acrylic resins should be conducted.

CONCLUSIONS
===========

Within the limitations of this *in vitro* study, it may be concluded that the presence of a metal framework did not interfere with the roughness and Knoop hardness of the tested visible light-polymerized (Triad), microwave-polymerized (Onda Cryl) and water-bath-polymerized (Clássico) acrylic resins, indicating that all materials can be used in removable partial dentures.
